Introduction
Heat supply in many big cities of Russia is carried out from district gasified boiler houses. The work of these heat sources is related to the direct combustion of gas in the boiler furnaces for heating the coolant to the required temperature. Combustion products are furnace exhaust gases emitted into the atmosphere. The boiler has the maximum efficiency when it is operating in the nominal (or near the nominal) mode and in this case the exhaust gases have its maximum temperature. For example, for boilers of the model KVGM-10 when it is operating on gas by a heating schedule 115/70°С the temperature of the exhaust gases is 180°С. The minimum required temperature of the exhaust gases at the chimney entrance at which the condensate formation is excluded is 110°С. Therefore, there are reserves to use the additional thermal energy by utilizing the exhaust gases.
ORC plant technology
The cogeneration plants operating on the organic Rankine cycle (ORC) are the most efficient for generation of electricity by utilizing this thermal energy. The main difference between the ORC and the traditional Rankine cycle is the working fluid: organic components are used instead of water. As a rule these organic components are refrigerants, hydrocarbons (butane, pentane, heptane and etc.) with vaporization temperature lower than that of water it allows to use the heat of lower temperatures than in the traditional Rankine steam cycle. Figure 1 shows the general form of the organic Rankine cycle. There are two approaches for designing the ORC plant loop and its individual elements. The first approach is to determine the design parameters of the ORC equipment for the given technological parameters of the heat and cooling flows as well as the condition of generating the maximum amount of electricity. This approach is used when designing the ORC plant for the existing production. The second approach is to simulate the thermodynamic processes in a particular ORC plant for the given refrigerant to determine the required technological parameters of the heat and cooling flows under the condition of the maximum electricity generation. This approach can be partly considered as the inverse problem of the former.
It is necessary to use the first design approach to develop the optimal ORC loop for the utilization of unclaimed heat energy from the exhaust gases of the heating boilers or gas piston units.
At first, the technological parameters of the heat and cooling flows are set: -determine the composition of the exhaust gases and cooling medium, its heat capacities; -determine the flow rates (mass and volumetric); -set the flows temperatures before entering the plant and at the outlet; -set the values of pressure losses when passing through the plant. Further, the optimal working fluid of the ORC (refrigerant) is determined based on the thermal characteristics of the flows. The required refrigerant flow rate in the ORC loop is determined at known thermodynamic parameters and given heat parameters of the heating and cooling flows. After that the design and technological parameters of the main ORC equipment (turbo-expander, evaporator, regenerator, condenser and pump) are calculated.
Freon R245fa is the most suitable for use in these plants its calorimetric properties and application fields are given in [1] . It should be noted that this Freon belongs to the class of complex compressible gases (substances) with hard to describe parameters of reality. The critical point thermodynamic properties and parameters of the proposed Freon are taken from [1] where the critical point parameters of the Freon are given.
The simulation of the turbo-expander for the ORC plant
The development of the turbo-expander for the ORC plant is the most crucial and expensive part of the designing process of the entire steam power plant. Mathematical modeling is used when calculating the thermodynamic processes in a turbo-expander and its main technical characteristics. There are several approaches to describe the gas state. The classical equation based on the Mendeleev-Clapeyron equation is used for an ideal gas [2] . The well-known state models of RedlichKwong [2] , Peng-Robinson [3] and also modified models of Redlich-Kwong [2] [3] [4] are used to describe the state of a real gas.
The most complete model of Peng-Robinson is applied to calculate the flow of real gas through the flow channel of the impeller (figure 2) and further calculation of its geometry parameters:
where p -absolute gas pressure; V -specific volume; Т -absolute temperature; R -gas constant; a, b -coefficients [3] . The given model was supplemented with the dependence of the Freon heat capacity at constant pressure on temperature. The approximated values of the polynomial coefficients are used in the development of this dependence: . .
This polynomial dependence of the heat capacity at constant pressure on the temperature with the given approxiamted coefficients describes this parameter of the freon R245fa with sufficient accuracy for practical calculations.
The expander flow channel is shown in figure 3 . After carrying out all calculations the turbo-expander design parameters were refined minimally according to the conditions of ease of fabrication and increase of the turbomachine efficiency according to the recommendations [5] and CFD-simulation of the gas flow performed in the ANSYS software package. Figure 4 shows the 3-d model of the calculated flow segment. 
Conclusion
It was found that the turbine with the axial-radial type of the impeller can have sufficient efficiency when operating on the Freon R245fa under operational conditions of water boilers. On the basis of energy balance calculations it was determined that it is possible to use the organic Rankine cycle plants to generate electricity for own use on the sources of distributed power engineering using water as the heat carrier [6] .
